Succinyl-CoA:3-ketoacid CoA transferase (SCOT) deficiency is a rare inborn error of ketone body utilization, characterized by episodic or permanent ketosis. SCOT deficiency is caused by mutations in the OXCT1 gene, which is mapped to 5p13 and consists of 17 exons. A 12-month-old girl presented with severe ketoacidosis and was treated with continuous renal replacement therapy. She had two previously unrecognized mild-form episodes of ketoacidosis followed by febrile illness. While high levels of ketone bodies were found in her blood and urine, other laboratory investigations, including serum glucose, were unremarkable. We identified novel compound heterozygous mutations in OXCT1:c.1118T>G (p.Ile373Ser) and a large deletion ranging from exon 8 to 16 through targeted exome sequencing and microarray analysis. This is the first Korean case of SCOT deficiency caused by novel mutations in OXCT1, resulting in life-threatening ketoacidosis. In patients with unexplained episodic ketosis, or high anion gap metabolic acidosis in infancy, an inherited disorder in ketone body metabolism should be suspected.
INTRODUCTION
Ketone bodies can be an alternative energy source if glucose supply is limited, such as during prolonged fasting, or when the body is in a catabolic state. 1 In patients with defects in ketolysis, the accumulation of ketone bodies can cause fatal ketoacidosis, which may lead to brain damage because of energy depletion that could manifest as psychomotor retardation or even death. [1] [2] [3] Succinyl-CoA:3-ketoacid CoA transferase (SCOT) deficiency (OMIM #245050) is a rare autosomal recessive inborn error of ketone body utilization. 1 SCOT, which catalyzes the conversion of acetoacetate to acetoacetyl-CoA, is encoded by the OXCT1 gene, mapped to 5p13 and consisting of 17 exons. 1, 4 Affected patients present with intermittent episodes of ketosis preceded by infection or fasting, and usually respond quickly to fluid therapy and bicarbonate infusion. Here, we report the first Korean infant with SCOT deficiency caused by novel compound heterozygous mutations in the OXCT1 gene, who showed life-threatening ketoacidosis requiring continuous renal replacement therapy (CRRT).
CASE REPORT
A 12-month-old girl presented with tachypnea and vomiting after a one-day fever. Her parents reported symptoms of decreased activity over a period of two days. Born at 40 weeks gestation and weighing 3.18 kg, she was the first child of unrelated healthy parents. The patient was unconscious and was respiring deeply, but otherwise non-specific on physical and neurological examinations. Laboratory results showed high (Table 1) . Serum glucose (88 mg/dL), ammonia (50 μmol/L), and lactate (0.5 mmol/L) levels were normal, and other laboratory findings were also unremarkable. She was admitted to the pediatric intensive care unit for mechanical ventilation, and CRRT was performed because of refractory metabolic acidosis (pH of 6.94, HCO3 -of 5.2 mmol/L) despite fluid therapy and sodium bicarbonate infusion for 6 hours. CRRT was discontinued after 3 days as ketoacidosis improved, and she was weaned off mechanical ventilation 5 days later.
Her medical records revealed that she had previously been hospitalized twice due to febrile illnesses. Notably, she had metabolic acidosis with ketonuria (Table 1) ; however, these findings were neglected because her condition rapidly improved after fluid therapy. Given her repeated ketoacidosis episodes in infancy, an inborn error of metabolism was suspected. Although the results of tandem mass spectroscopy and plasma amino acid analysis showed no abnormalities, high levels of ketone bodies were detected in her blood and urine (Table 2) . L-carnitine profile showed low levels of free carnitine. These findings were suggestive of a defect in ketone body metabolism, specifically ketone body utilization.
For genetic confirmation, targeted exome sequencing was performed. Initially, the results were interpreted as a novel homozygous mutation: OXCT1:c.1118T>G (p.Ile373Ser). This variant has not been previously reported in SCOT deficiency patients and was not found in gnomAD (http://gnomad. broadinstitute.org/) or the Korean Reference Genome Database (http://coda.nih.go.kr/coda/KRGDB/index.jsp). This novel variant was predicted to be deleterious by SIFT (https:// sift.bii.a-star.edu.sg/), PROVEAN (http://provean.jcvi.org/), and MutationTaster (http://www.mutationtaster.org/), with scores of 0.036, -4.25, and 0.953, respectively. However, since this mutation was inherited only from her father and since a loss of heterozygosity was not identified, a deletion in the maternal allele was suspected. Through microarray analysis, a large deletion ranging from exon 8 to 16 in OXCT1 (Fig. 1 ) was revealed. This large deletion was thought to be inherited maternally; however, microarray analysis was not performed on the patient's mother because the parents wanted to delay the analysis until after they had their next child.
The patient was prescribed a mild protein restricted diet (2.0 g/kg/day), with supplements of L-carnitine (100 mg/kg/day), making sure to avoid excessive fat intake. A patient emergency card was given to the patient's parents, and they were instructed to monitor urine ketones using a dipstick test. Ketones were not detected when she was in a stable condition. She experienced three more episodes of ketosis accompanied with febrile illnesses, and ketonuria was reversed quickly by fluid therapy. She has exhibited normal growth and development as of a follow-up at 25 months of age. This study was approved by the Institutional Review Board of Pusan National University Yangsan Hospital (approved number: 05-2018-116), and a written informed consent was obtained.
DISCUSSION
Since the first case of SCOT deficiency was described in 1972, and causative pathogenic mutations were found in OXCT1 in 1996, 4 about 30 patients and 24 different OXCT1 mutations have been reported worldwide. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] This is the first case of SCOT deficiency in Korea, genetically confirmed with a novel OXCT1 missense mutation in one allele and a large deletion in the other.
Ketone bodies in the form of acetoacetate and 3-hydroxybutyrate are produced from free fatty acids in the liver. In the mitochondria of extrahepatic tissues, SCOT catalyzes the conversion of acetoacetate to acetoacetyl-CoA, and then, betaketothiolase catalyzes the cleavage of acetoacetyl-CoA into acetyl-CoA, which is an energy source for ATP generation. As SCOT acts in the rate-limiting step in ketolysis, processes downstream of this step do not occur in cases of complete SCOT deficiency, leading to permanent ketosis. 1, 12 Depending on the SCOT enzyme activity they have, patients demonstrate either episodic or permanent ketosis. 3, 4, [8] [9] [10] [11] [12] In our patient, episodic ketosis indicated that partial enzyme activity remained, although enzyme activity assays were not performed. Post mortem examination of the first reported SCOT-deficient patient, who died at six months of age, revealed fatty infiltration of the liver and decreased brain size. 2 However, owing to improved awareness of SCOT deficiency and more experience in the general management of metabolic crises, most patients have a good prognosis, at least those reported in the literature, [4] [5] [6] [7] [8] [9] [10] and cases of neurological impairment and mortality in relation to SCOT deficiency are rarely found. 2, 3 In patients with acute episodes, the recommendation is to treat the metabolic acidosis and infuse sufficient glucose to suppress ketogenesis. When patients are stable, it is recommended that they avoid prolonged fasting and excessive fat intake, mildly restrict protein intake to reduce ketogenesis, and take carnitine supplements as required. 12 The urine ketone dipstick test, a very simple and inexpensive way to measure ketonuria, is effective for the early detection of ketosis and could prevent a life-threatening crisis.
SCOT deficiency is not detected in newborn screening, and except for high levels of ketone bodies in the blood and urine, patients only have non-specific laboratory results. 1 Therefore, suspecting a metabolic disorder relating to ketone bodies is the first step in diagnosing SCOT deficiency. Episodic ketosis, ketoacidosis, or high anion gap metabolic acidosis in infancy could be clues for the diagnosis of an inherited disorder of ketone body metabolism.
In summary, we report the first Korean patient with SCOT deficiency with novel compound heterozygous OCXT1 mutations, who showed life-threatening ketoacidosis that was restored by CRRT.
